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ABSTRACT 
 
Dispersion characteristics of rotated wavelength-scaled 
dielectric-metal interfacial gratings with two different 
multilayer compositions corresponding to the same 
modulation amplitude was investigated. It was shown that 
double reflectance minima appear inside a finite spectral 
region in between two different azimuthal orientations: at 
0° azimuthal angle (P-orientation) and at ~30° azimuthal 
angle (C-orientation). The modes propagating in the valleys 
are short-range in P-orientation, while the coupled modes 
confined at valley-edges exhibit long-range SPP features in 
C-orientation. Their E-field distribution and large 
propagation length is promising in bio-sensing applications. 
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1 INTRODUCTION 
 
Wavelength-scaled, moreover sub-wavelength gratings 
are important in tayloring the dispersion characteristics of 
SPPs propagating on metal-dielectric multilayers [1]. A 
small fraction of grating-related investigations was devoted 
to the special configuration nominated as conical mounting, 
namely when the plane of incidence is rotated with respect 
to the grating wave vector [2]. It has been shown, that the 
optical response in conical mounting is rotation sensitive, 
which makes biosensing challenging in this configuration 
[3]. An intereseting configuration is, when a surface mode 
with the same mode index, but with different propagation 
directions can be coupled on gratings [4].  
In our previous studies we have shown that the rotated 
grating coupling surface plasmon resonance (RGC-SPR) 
phenomenon can result in double peaked reflectance 
curves, when the SPP resonance is interrogated at constant 
wavelength [5, 6]. The advantage of the RGC-SPR 
phenomenon is that additional secondary reflectance 
minima appear at smaller polar angles, which possess 
smaller FWHM, making possible to realize bio-sensing 
with enhanced sensitivity. 
Numerical investigation of the rotated grating coupling 
phenomenon was performed on multilayers comprising 416 
nm periodic sinusoidal polymer gratings with 35 nm 
modulation amplitude aligned on a bimetal film made of 7 
nm gold and 38 nm silver layers.  
The thin-uncovered chip consisted of 0 nm and 35 nm 
polymer layers in the valleys and at the hills, while the 
polymer layers were 15 nm and 50 nm in case of the thick-
covered chip. The polar and azimuthal orientations were 
varied during 532 nm wavelength p-polarized light 
illumination. 
 
Figure 1: Schematic drawing about the polar and 
azimuthal angle tuning during the inspection of grating-
coupling phenomenon in conical mounting. 
 
2 RESULTS 
 
In P-orientation of the thin-uncovered chip the 
dispersion curve indicates only a weak coupling (Fig. 2). At 
532 nm the first minimum is observable at ϕ=49.0°, while 
the second minimum appears at ϕ=52.8°.  
At the first minimum the E-field is dominantly 
concentrated at the glass side with p/2 periodicity, while 
there is a weaker E-field on the polymer side as well, 
resulting in local enhancement at both hills, however the 
enhancement is slightly stronger on the right side of the 
valleys (Fig 2aa, ab). At the second minimum enhanced E-
field appears at both the glass and polymer side with p 
periodicity, and the intensity of the E-field is commensurate 
on the hills at the polymer side and below the valleys at the 
glass side (Fig 2ba, bb).  
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 Figure 2: Dispersion characteristics of the reflectance on 
the thin-uncovered sinusoidal grating (0 nm and 35 nm PC 
in valleys and at hills), in P-orientation: γ=0°. The near-
field pictures show the vertical and horizontal cross-
sections about the normalized E-field / Ey component: (aa, 
ab / ac, ad) first minimum at ϕ=49.0°, γ=0.0°, and (ba, bb / 
1bc, bd) second minimum at ϕ=52.8°, γ=0.0°. 
 
In P-orientation distribution of the longitudinal E-field 
component is symmetrical both vertically and horizontally 
at the first minimum, revealing that short-range plasmon is 
coupled (Fig 2ac, ad), while at the second minimum the E-
field is antisymmetric vertically at the hills, indicating that 
the coupled mode possesses long-range SPP characteristic 
(Fig. 2bc, bd). However, the location of this long-range SPP 
is not advantageous, taking into account that the bio-
molecules prefer to attach into the valleys.  
In C-orientation of the thin-uncovered chip the 
dispersion curve possesses a more well-defined coupling, 
and the strong-coupling between modes results in 
secondary and primary resonance minima (Fig. 3). At 532 
nm the secondary and primary minima appear at ϕ=48.6° 
and ϕ=54.0° incidence angles at γ=33.6° azimuthal 
orientation. At both minima the E-field is concentrated with 
p periodicity at the polymer-side, and are confined 
asymmetrically at the right edge of the valleys (Fig 3aa, ab 
and Fig 3ba, bb). The distributions of the longitudinal E-
field component is asymmetric both vertically and 
horizontally proving the co-existence of a standard and 
unique long-range grating coupled modes both at the 
secondary and primary minimum (Fig 3ac, ad, Fig 3bc, bd). 
 
Figure 3: Dispersion characteristics of the reflectance on 
the thin-uncovered sinusoidal grating (0 nm and 35 nm PC 
in valleys and at hills), in C-orientation: γ=33.6°. The near-
field pictures show the vertical and horizontal cross-
sections about the normalized E-field / Ey component: (aa, 
ab / ac, ad) secondary minimum at ϕ=48.6°, γ=33.6°, and 
(ba, bb / 1bc, bd) primary minimum at ϕ=54.0°, γ=33.6° 
 
The dispresion characteristic exhibits more pronounced 
coupling phenomena and the near-field is slightly different 
in case of thicker polymer cover-layer (Fig. 4 and 5). 
In P-orientation of the thick-covered chip the dispersion 
curve indicates a well defined coupling (Fig. 4). At 532 nm 
the first minimum is observable at ϕ=52.0° and the second 
minimum appears at ϕ=61.0°. At the first minimum the E-
field is dominantly concentrated at the glass side with p/2 
periodicity, while there is a weaker E-field on the polymer 
side as well, resulting in local and symmetrical 
enhancement at both edges of the valleys (Fig 4aa, ab). At 
the second minimum enhanced E-field appears at both the 
glass and polymer side with p periodicity, however the E-
field is most strongly concentrated on the hills at the 
polymer side and it is only weakly enhanced below the 
valleys at the glass side (Fig 4ba, bb). The distribution is 
completely symmetrical both vertically and horizontally in 
the longitudinal E-field component both at the first and 
second minimum revealing that short-range plasmons are 
coupled at both minima in P-orientation of the thick-
covered chip (Fig 4ac, ad and Fig. 4bc, bd). 
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 Figure 4: Dispersion characteristics of the reflectance on 
the thick-covered sinusoidal grating (15 nm and 50 nm PC 
in valleys and at hills), in P-orientation: γ=0.0°. The near-
field pictures show the vertical and horizontal cross-
sections about the normalized E-field / Ey component: (aa, 
ab / ac, ad) first minimum at ϕ=52.0°, γ=0.0°, and (ba, bb / 
1bc, bd) second minimum at ϕ=61.0°, γ=0.0°. 
 
In C-orientation of the thick-covered chip the strong-
coupling between modes results in well defined secondary 
and primary resonance minima on the reflectance (Fig. 5). 
At 532 nm the secondary and primary minima appear at 
ϕ=57.0° and ϕ=63.0° incidence angles at γ=30.0° azimuthal 
orientation. At both minima the E-field is concentrated with 
p periodicity at the polymer-side, and the field maxima are 
confined asymmetrically at the right edge of the valleys 
(Fig 5aa, ab, Fig 5ba, bb). However, there is a well defined 
difference between the distributions of the longitudinal E-
field component, which is vertically asymmetric and 
symmetric proving the existence of a standard long- and 
short-range coupled modes at the secondary and primary 
minimum, respectively (Fig 5ac, ad and Fig 5bc, bd). This 
difference between the minima indicates that the long-range 
nature of the coupled mode is preserved at the secondary 
minimum also in case of thicker polymer cover layers. In 
addition to this the coupled modes exhibit antisymmetry in 
the longitudinal E-field component horizontally with 
respect to the right edge of the valley, which proves the co-
existence of unique long-range modes (Fig 5ad and Fig 
5bd). The antisymmetry of the longitudinal E-field 
indicates that the modes' attenuation is minimized, which is 
advantageous in several applications [7]. 
 
Figure 5: Dispersion characteristics of the reflectance on the 
thick-covered sinusoidal grating (15 nm and 50 nm PC in 
valleys and at hills), in C-orientation: γ=30.0°. The near-
field pictures show the vertical and horizontal cross-
sections about the normalized E-field / Ey component: (aa, 
ab / ac, ad) secondary minimum at ϕ=57.0°, γ=30.0°, and 
(ba, bb / 1bc, bd) primary minimum at ϕ=63.0°, γ=30.0° 
 
On the inspected thin-uncovered and thick-covered 
gratings the strongest coupling appears at the Brillouin zone 
boundary independently of azimuthal orientation. The 
coupling appears in very similar region in case of the same 
modulation amplitude, however the strength of coupling 
increases with the polymer layer thickness in the valley and 
at the hills. The coupling occurs in the region of bands 
corresponding to photonic and plamonic modes, which are 
grating coupled in -1 order on the sub-wavelength grating. 
The modes appearing at the first and second minimum 
in P-orientation corresponds to the eigenmodes of the 
multilayer, which propagate along the valleys and hills. 
Although, the normalized E-field is very similar at the 
secondary and primary minima in C-orientation, both the 
field distribution at and the origin of the secondary 
minimum is unique. The secondary minimum originates 
from a scattering process on the wavelength-scaled grating, 
which is capable of coupling into a mode propagating along 
the valley and having a mode index similar to that one of 
the eigenmodes, which is observable at the first minimum 
in P-orientation. However, due to its antisymmetric 
longitudinal E-field component, this mode does not suffer 
attenuation, has long propagation distance, accordingly it 
can be considered as a long-range SPP.  
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The secondary minimum in C-orientation is proposed 
for biosensing applications, since the biomolecules prefer to 
attach into the valleys, where the rotated grating coupling 
phenomenon results in E-field enhancement with unique 
distribution promoting large interaction cross-sections 
between the grating-coupled modes and the molecules to be 
detected. 
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